WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
B04B 5/02 


Al 


(11) International Publication Number: WO 99/21658 
(43) International Publication Date: 6 May 1999 (06.05.99) 


(21) International Application Number: PCT/IL98/00503 

(22) International Filing Date: 18 October 1998 (18.10.98) 

(30) Priority Data: 

60/063,300 27 October 1997 (27.10.97) US 

(71X72) Applicant and Inventor: YAVILEVICH, Michael [IL/IL]; 
Haim Street 5 #4, 27076 Kiriat Bialik (IL). 


(81) Designated States: JP, US, European patent (AT, BE, CH, CY, 
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, 
SE). 

Published 

With international search report. 
With amended claims, 



(54) Title: COMBINED CENTRIFUGATION ASSEMBLY 



(57) Abstract 

A centrifugation assembly and a method for 
rapid separation of phases of a liquid, for example 
for blood phase separation, which comprises a rotor 
(10) with holding means (12) pivotable with respect 
to the rotor about a pivoting axis and containing a 
tube (16) with a blood example (18). The assembly 
comprises a means for rotating the rotor about the 
rotor axis and a displacing means (24) to displace 
the common center of gravity of the holding means 
with the sample with respect to the pivoting axis. A 
stopping means (22) is provided to retain the degree 
of inclination of the holding means during the first 
phase of separation. After completing the first phase 
of separation, the holding means takes a horizontal 
position to enable alignment of centrifugal force 
with the walls of the tube. The centrifugation 
assembly may have a removing means (172) for 
removing the caps (168) from the tubes (16) residing 
within the holder (102). 
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Combined Centrifugation Assembly 



Technical Field 

The present invention refers to phase separation in liquids. More particularly the present 
invention relates to methods and devices for centrifugation of blood to achieve phase 
separation. 

Background Art 



There have been developed various combined separation systems for rapid phase 
separation. Certain attempts have been made to make use the so called "Boycott" effect 
which requires inclination of the tube walls at certain angle to the vector of the centrifugation 
force in order to make the phase separation more efficient. An example of a system 
employing the Boycott effect is described in the article "Automated Centrifuge Technology" - 
Laboratory Automation News - vol. 1 No. 4 October 1996. The device described in this 
article employs switchable cam-like mechanism for displacement the tube during 
centrifugation. 

There are known also other centrifugation assemblies utilizing the Boycott effect, e.g. as 
disclosed in US 5,584,790 assigned to Beckman Instruments Inc. This assembly employs a 
spring-loaded linkage system for inclination holders carrying the tubes and thus to misalign 
the tubes with the vector of the centrifugation force. 

The other example of a centrifugation assembly employing the Boycott effect can be found 
in US 5,588,946 assigned to Johnson & Johnson Clinical Diagnostics, Inc. In this assembly a 
patient sample tube is spun while non-aligned with the centrifugation force to allow phase 
separation and then while aligned to allow any gel present between the separated phases to 
seal. 

Unfortunately the constructions of the above assemblies are not suitable for 
implementation in a conventional^ swing-out bucket centrifuge in which large number of tubes 
should be rotated. Furthermore the mentioned above assemblies are not capable to develop 
sufficient phase separation in large amount of sample tubes. 

Disclosure of the Invention 

This invention relates to an assembly and a method for rapid phase separation in liquids in 
general and for blood phase separation in particular. The invention can be implemented either 
in ordinary swing-out rotor centrifuges, in high-speed centrifuges and in Automatic 
Laboratory Systems 

The method of the present invention comprises spinning the tubes with blood samples 
while they are inclined to make use the Boycott effect for more rapid phase separation. In the 
second stage of separation the tubes spin while their longitudinal axes are aligned with the 
direction of the centrifugation force to allow reliable gel seal. 

In accordance with the method of the invention the position of the common centre of 
gravity of the holders and of the tubes placed therein is varied during the separation process. 
The first position of the common center of gravity is above the pivoting axis of each holder. 
By virtue of this provision the centrifugal force can not pivot the holders with tubes in 
ordinary horizontal position. The degree of inclination of the holders is maintained by a 
stopping means having various construction as it will be disclosed further. The stopping 
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means can be individual for each holder or common for all holders. The stopping means can 

cen 5£ tZ " I"' h0,der " thC Centrif ^ rotor or ^ ^ rts of the 
centrifuge. The common stoppmg means may be placed in the middle of the rotor The 

collapsible and revolving stopping means also can be used and are operated 
electromagnetically or manually. 

After completing the first stage of the separation accompanied by the Boycott effect the 
common center of gravty is displaced in the second posiJn, i.e. J^S^S^t 
Ae holder. During the second stage the centrifugal force urges the holders w^th tubfs tc £ot 
into horizontal position in which they could have been aligned with the vector of the 
centnfugat.on force and thus the complete gel sea. can takTp.ace. does 

and the holders and tubes return back into the initial position 

of fi mXtAtt.H reSent TT^u be8inning ° f centrifu 8ation the common center 
ot gravity of the holders, mclud.ng tubes, specimens and gel is above the pivoting axis of the 
holder. After performing the first stage of separation accompanied by the Boycott effect the 
common gra Vl ty center is displaced below the pivoting axis 

According to the alternative method of the present invention in the beginning of 

S^XST T m ° n [ mvity ° f the hoIders ' inc,udi "g tubes > specimens and 

gel is below the pivoting axis of the holder. After performing the first stage of separation 

accompanied by the Boycott effect the common gravity center ,s displaced o^lowTfirTt 

The holders may include displacement means for variation the location of the gravity 
center during centrifugation. Various embodiments of the centrifugation assembly of the 
present invention are summarized below. 

In the first embodiment the assembly comprises: 

- a rotor with a holding means for carrying at least one tube, said tube containing a blood 
sample and a gel separator, said holding means being pivotable with respect to the rotor the 
position of the common center of gravity of the holders and of the tubes placed therein is 
varied during the separation process, 

- a means for rotation the rotor about a rotor axis to produce a centrifugal force having its 
vector radiating from the rotor axis, said centrifugal force is capable: 

a) to induce phase separation due to the Boycott effect when the tube is pivoted in the 
first position in which the tube walls are inclined with respect to the vector of the 
centrifugal force and 

b) to allow complete gel seal when the tube is pivoted in the second position in which 
the tube walls are aligned with the vector of the centrifugal force, 

- a displacing means for displacing the common center of gravity'of the holding means 
together with the tube carried thereby from a first location situated above the pivoting axis 
into a second location situated below the pivoting axis, 

- a stopping means for maintaining a degree of inclination of the tube when it is pivoted in 
the said first position. 

The assembly may comprise a swing-out bucket centrifuge, while said rotor carries a yoke 
tor mounting the holding means thereon and said holding means comprises at least one 
bucket preferably equipped with an adapter for inserting the tube there into, said bucket is 
mounted on the yoke with possibility for swinging with respect to the yoke. 

The centrifugation assembly may comprise also a high-speed centrifuge. 

The centrifugation assembly may comprise a displacing means formed as a closed 
cylindrical container, said container being insertable within the holder, said container being 
filled with a fluid capable to flow from one extremity of the container to the opposite 
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extremity thereof, said fluid being selected from the group comprising viscous liquids 
suspensions, loose particles or their combination 

The said container may be formed with a narrowing central portion. The container may be 

a partlt,on and channe,s ' said part,tion is fixed,y secure d in the 

The container may comprise a spring loaded piston movable along the container and a 
spherical valve, said valve is fixedly secured opposite to the piston inthe miMe pTof the 
container, said valve has through going channels for flowing the fluid there through 

The container may comprise a free mass placed therein with the possibility to move alone 
the container the outs.de diameter of the mass is less than the inside diameter of the 

fluidlhlThtough 3 18 Pr ° Vided 3 gap there betWeen ' said gap is sufficient for flowin e the 

zJXlTr may ^ ? Wi * ' ValVC 3nd With throu 8 h S° in S chan "els, said channels 

are closed from one side of the mass by a valve and are open from the opposite side of the 

eTmTwthe Tt ? a ,r n8 mCanS UFging thC maSS t0 retum from the '^rmost 
extern ty of the container to the uppermost extremity thereof, said container has a retaining 

means to retain the mass proximate to the uppermost extremity of the container 

,nt^ e n t0PP l n i meanS ° f ! he aSSemb,y may COmpnSe a su PP° rt ' said su PPO« * formed 
2S?A i the external portion of the bucket or its cap, said support is capable to lean 
against the rotor when the bucket is pivoted in the said first position so as to maintain the 
degree of inclination of the tube. 

The stopping means may comprise a support, said support is formed integrally with the 
rotor, sa,d support is capable to lean against the bucket when the bucket is pivoted in the said 
tirst position so as to maintain the degree of inclination of the tube. 

The stopping means may comprise a support, said support is formed integrally with the 
upper portion of the adapter, said support protrudes therefrom towards the rotor, said support 
is capable to lean agamst a circular protrusion formed on the rotor when the bucket is pivoted 
in the said first position so as to maintain the degree of inclination of the tube 

The stopping means may comprise a bracket, said bracket embraces the bucket said 
bracket is pivotally mounted on the yoke and said bracket is formed with a support' capable to 
lean against the yoke when the bucket is pivoted in the said first position so as to maintain the 
degree of inclination of the tube. 

The said stopping means may comprise a cam, said cam is mounted on the rotor with 
possibility for displacement within a plane directed perpendicular to the rotor axis, said cam 
is provided with at least one contact surface capable to lean against the bucket when the 
bucket is pivoted in the said first position so as to maintain the degree of inclination of the 
tube. 

The stopping means may also comprise at least one linking arm and operatively connected 
therewith extension rod, said arm is pivotally connected to the yoke so as to swing with 
respect thereto together with the bucket, said bucket has a slot for placement said arm there 
into and said extension rod is connected to a load mounted on the rotor, said load is 
displaceable along the rotor axis so as to pivot the arm, said arm is capable to lean against the 
slot when the tube is pivoted so as to maintain the degree of inclination of the bucket when it 
is pivoted in accordance with the position of the load. 

The stopping means may comprise a resilient wire element, the first portion thereof is 
configured to embrace the bucket, the middle portion thereof is provided with at least one 
turn tor mounting the wire element on the yoke to enable swinging with respect thereto and 
the opposite portion of the wire element is capable to lean against the yoke when the bucket is 
pivoted m the said first position so as to maintain the degree of inclination of the tube 
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The stopping means may comprise a resilient wire element, the first portion thereof is 
rigidly secured on the yoke, the middle portion thereof is provided with at least one turn 
suitable for mounting the wire element on the yoke to enable swinging with respect thereto 
and the opposite portion of the wire element is inserted within a slot formed on the bucket 
the opposite portion of the wire element is capable to lean against the slot when the bucket is 
pivoted in the said first position so as to maintain the degree of inclination of the tube 

The stopping means may comprise a toothed sector, said sector is mounted on the yoke 
said sector has a protrusion with possibility for swinging with respect to the yoke together' 
with the bucket and said bucket has a slot for receiving said protrusion, the protrusion is 
capable to maintain the degree of inclination of the bucket when the tube is pivoted in the 
said first position. 

The centrifugation assembly may comprise a displacing means formed integrally with the 
holder, said means may as well comprise a cylindrical container formed with the annular 
closed interior, said interior contains a fluid capable to flow from one extremity of the 
container to the opposite extremity thereof, the diameter of the middle portion of the 
container fits the outside diameter of the tube adapter to allow inserting thereof in the 
container and to enable pivoting of the tube together with the container, the stopping means 
comprises at least one support mounted on the rotor and capable to lean against the outside 
surface of the container when the tube is pivoted in the said first position so as to maintain the 
degree of inclination of the tube. 

The said holder may be provided with a removing means for removing the caps from the 
tubes residing within the holder. 
The removing means may comprise 

- a removable insert which is fixed on the upper part of the holder, said insert is provided 
with a perforated partition, the diameter of perforations of the partition fits the outside 
diameter of the tubes so as to allow insertion of the tubes within the adapter through the 
perforations, ' 

- a support plate for supporting the tubes after they are inserted in the adapter, said plate 
movable by the centrifugal force along the longitudinal axis of the bucket from its uppermost 
position to the lowermost position, 

- a fixing means capable to prevent displacement of the tubes by the centrifugal force from 
the uppermost position towards the lowermost position when the bucket is pivoted in the first 
position, 

- a spring means for returning the tubes from the lowermost position into the uppermost 
position, 

the arrangement being such that the tubes are movable by the centrifugal force towards the 
lowermost position until their caps lean against the partition so as to be removable from the 
tubes. 

The fixing means may be electromagnetically controlled. 

The centrifugation assembly may comprise a displacing means formed integrally with the 
adapter, said means may as well comprise a free mass placed within the adapter with the 
possibility to move there along from one extremity of the adapter to the opposite extremity 
thereof, the outside diameter of the mass is less then the inside diameter of its compartment 
and there is provided a gap there between, said gap is sufficient for flowing the fluid there 
through. 

The adapter can be provided with a spring capable to return the mass from one extremity 
of the adapter to the opposite extremity thereof. 

The other group of embodiments refers to a method for sample phase separation by virtue 
of a centrifugation of a sample within a tube, said method comprising the following sequence 
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of steps: 

a) providing at least one tube with the blood sample and the gel separator 

b) placing said tube within a centrifugation assembly having a rotor and a holding means 
for carrying the tube, said tube is placed in the holder with possibility for pivoting together 
with the holding means with respect to the rotor about a pivoting axis, the position of the 
common center of gravity of the holders and of the tubes placed therein is varied during 
the separation process, b 

c) rotation of the rotor about a rotor axis to produce a centrifugal force having its vector 
radiating from the rotor axis, ~ 

d) effecting blood phase separation in the sample due to the Boycott effect when the tube 
rotates about the rotor and is pivoted in the first position in which the tube walls are 
inclined with respect to the vector of the centrifugal force, 

e) displacing the common center of gravity of the holding means and the tube carried 
thereby from a first location situated above the pivoting axis into a second location situated 
below the pivoting axis, 

f) maintaining the degree of inclination of the tube while the tube rotates being pivoted in 
the first position, b y 

g) effecting complete gel seal when the center of gravity is displaced below the pivoting 
axis while the tube rotates being pivoted in a second position in which the tube walls are 
aligned with the vector of the centrifugal force. 

In the said the centrifugation can be effected by a conventional swing-out bucket 
centrifuge or by a high-speed centrifuge. 

Displacing of the common center of gravity can be done in this forms: 

a) by displacing a fluid inside a closed container, which is placed in the holder, 

b) by displacing a free mass inside the holding means, 

c) by displacing the tubes and/or the adapter inside the bucket, 

d) by displacing the heavy parts of the sample (sediment) inside the tubes. 
The flow of the fluid within the container can be effected in a controllable manner. 
The present invention in its various embodiments referring to the different groups above 

has only been summarized briefly. 

For better understanding of the present invention as well of its benefits and advantages 
reference will now be made to the following description of its embodiments taken in 
combination with the accompanying drawings. 

Brief Description of the Drawings 

FIGS. 1 and 2 show schematically the principle of operation of the assembly of the present 
invention; 

FIGS. 3-5 are various embodiments of the displacement means intended for displacing the 
common center of gravity of the holder with the tube inside; 

FIGS. 6-8 are various embodiments of a swing-out bucket centrifugation assembly 
implementing the present invention; 

FIG. 9 shows implementing of the present invention in a high-speed centrifugation 
assembly; 

FIGS. 10-17 are various embodiments of a stopping means maintaining the angle of 
inclination of the tube during the first stage of the centrifugation process; 

FIGS. 1 8a and 1 8b show schematically two positions of a holder provided with a removing 
means for removing the caps from the tubes; 

FIGS. 19a and 19b present various constructions of a holder provided with a removing 
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Best Mode for Carrying out the Invention 

With reference to FIGS, la-b and 2a-b the principle of the present invention will be briefly 
explained A rotor 10 of a centrifugation assembly for sample phase separation, for example a 
swmg-out bucket centnfuge is rotatable by a rotation means for example a motor (not shown) 
and carries a holding means, for example a bucket 12, which is pivotable with respect to a 
pivoting axis 14 Within the holding means is contained at least one sample tube 16 with a 
blood sample 18 and a gel separator 20. The sample tubes can be inserted within an adapter 
The common center of gravity of the holding means and of the tubes carried by the holding ' 
means is designated as CCG and in the beginning of the centrifugation process it is situated 
above the pivoting axis 14. By virtue of this provision the vector of centrifugation force CF 
developed once the rotor 10 is rotated in the direction of an arrow A, will urge the holding 
means and the tubes contained therein to pivot in the direction of an arrow B as shown in 
FIG. lb. In order to overcome the influence of the centrifugation force there is provided a 
stopping means 22, for example a support, which protrudes towards the holding means and 
urges thereof to be inclined. By virtue of this provision the holding means becomes inclined 
as shown m FIG. lb. Seeing that in this position the tube walls are inclined with respect to the 
vector of centrifugation force CF there are provided favorable conditions for the process of 
phase separation by virtue of the Boycott effect. In the further disclosure the location of the 
common center of gravity CCG above the pivoting axis 14 will be referred to as a first 
location. This location corresponds to that position of the tube 16 in which its walls are 
inclined with respect to the vector CF and the degree of this inclination is maintained The 
corresponding position of the tube will be referred to as a first position. 

In accordance with the invention simultaneously with the process of phase separation the 
common center of gravity CCG of the holding means and of the tube is gradually displaced 
from the first location to a second location below the pivoting axis 14. This condition is 
shown in FIG. 2a. In this location a gel seal is developed and the process of phase separation 
due to the Boycott effect is completed. Since the common center of gravity CCG is below the 
pivoting axis 14 the centrifugation force CF urges the holding means to pivot in the direction 
as shown by an arrow C until the bucket 12 with the tube 16 takes the horizontal position as 
shown m FIG. 2b. It can be readily appreciated that the stopping means does not prevent 
pivoting of the holder in this direction. In the horizontal position the tube walls are aligned 
with the vector of centrifugation force and in this position there are provided most favorable 
conditions for the complete gel seal and formation of a gel layer 20 reliably separating 
between the blood phases. The location of the common center of gravity CCG below the 
pivoting axis 14 will be referred to further as the second location and the position of the tube 
16 in which its walls are aligned with the vector of the centrifugal force CF will be referred to 
as the second position. 

For displacing the common center of gravity CCG there is used a dedicated displacing 
means, formed as an elongated container 24, which is inserted together with the sample tubes 
16 within the adapter of the bucket 12 and in which the displacement of its center of gravity is 
induced by the centrifugal force. 

In FIGS. 3-5 the are shown various embodiments of the displacement means. 

With reference to FIG. 3a the displacing means is formed as an elongated container 24, 
configured for example as a cylinder with the outside diameter similar to that of the sample 
tubes so as to enable insertion of the displacement means within the holding means. 
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The interior of the container is reliably sealed at its first extremity and at its opposite 
extremity by a coverings 26a-b. The interior of the container is filled with a suspension 28 It 
can be appreciated that due to the sedimentation in the suspension the center of gravity of the 
container displaced and therefore once such container is inserted into the holding means the 
location of its center of gravity will be displaced as well. 

Once the center of gravity of the container displaced from the upper extremity of the 
container into the opposite extremity, the container should be removed from the bucket and 
turned over so as to enable use of the displacing means once again in the next run of the 
centnfugation process. 

With reference to FIG. 3b the container 24 can be provided with a narrowing central 
portion 30 or be provided with the other flow control means as it will be explained further It 
can be appreciated that the narrowing portion 30 functions as a throttle, which influences the 
flow of the fluid and thus controls the dynamics of the displacement of the center of gravity 
The interior of the container is filled with a fluid 28 capable to flow from the first extremity 
ot the container to the second extremity. 

As a suitable fluid one can use a viscous liquid, e.g. an oil, a suspension or plurality of 
loose particles. The specific weight and the viscosity of the fluid should be chosen 
empirically so as to enable efficient displacement of the common center of gravity of the 
holding means with the sample tubes inside. 

Once the fluid has flown from the upper extremity of the container into the opposite 
extremity the container should be removed from the bucket and turned over so as to enable 
use of the displacing means once again in the next run of the centrifugation process 

In FIG. 3c it is shown another embodiment of the displacing means formed as an elongated 
sealed ampule 32. Within the ampule 32, in the middle part thereof there is fixedly secured a 
partition 34, having a through going channel 36. The diameter of the channel 36 can be varied 
by a couple of screws 38a-b. The fluid 28 flows from the upper extremity of the ampule 
down, goes through the channel and fills the opposite extremity. Then the ampule is removed 
Irom the bucket, is turned over and inserted into the bucket again for the next centrifueation 
run. ° 

In FIG. 3d there is shown another embodiment of the displacing means formed as an 
ampule 40, which is sealed from its bottom end. The upper end of the ampule is closed by a 
releasable cover 42. Within the ampule there is provided a piston 44 supported by a return 
spring 46. The piston is movable along the ampule towards its uppermost position by the 
spring. Above the piston 44 there is fixedly secured a valve 48. The valve is provided with 
two lateral through going channels 50a-b and with a central opening 52 closed by a small 
spring loaded sphere 54. The diameter of the central opening is more than diameters of lateral 
channels. In the beginning of the centrifugation run the fluid 28 is contained in the upper 
extremity of the ampule 40 and flows due to the centrifugal force down via the channels 50a- 
b to fill the space 56 between the valve 48 and the upper surface of the piston 44. The fluid 
presses on the piston 44, overcomes the resistance of spring 46 and gradually displaces the 
piston 44 down towards the sealed end of the ampule 40. In the end of the centrifugation run 
the spring 46 returns the piston 44 back in its upper most position. The piston 44 urges the 
fluid 28 contained within the space 56 to flow back to the upper extremity of the ampule. The 
fluid 28 pushes the spring loaded sphere 54 up to open the opening 52. Since the diameter of 
the opening 52 exceeds the diameter of lateral channels 50a-b the fluid 28 will be flowing fast 
via the opening 52. Once the fluid 28 has flown from the space 56 into the upper extremity of 
the ampule the displacing device is ready for the new centrifugation run. It can be appreciated 
that m this embodiment there is no need to take the displacing device out of the centrifuge so 
as to turn it over since the fluid is returned by the piston in its initial position automatically. 
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In FIG . 4a there is shown additional embodiment of the displacing means for employing a 
free mass in the container, which is configured as a cylinder 58. The container is hermetically 
closed trom its opposite ends by removable covers 60a-b. Within the cylinder 58 there is 
provided a free mass 64, which outside diameter is less than the inside diameter of the 
cyhnder 58 and there is provided a circular gap 62 there between. The width of the gap 62 is 
sufficient for controllable flow of the fluid 28 via the gap 62. 

The mass 64 and so the center of gravity is displaceable by the centrifugal force towards 
the opposite extremity of the container. In this position the container 58 is turned over to be 
ready for the next run. 

In FIG. 4b there is presented additional embodiment of the displacing means, which also 
employs a free mass 66 provided within the container. In this embodiment the container 
comprises an ampule 40 which is similar to that of the FIG. 3d. The free mass 66 is formed as 
a valve with a central through going channel 68 closed by a spring loaded sphere 70 Between 
the free mass 66 and the inwardly facing surface of the ampule 40 is provided a circular gap 
62 similar to that of the FIG. 4a. The mass 66 is supported by a spring 72 capable to return the 
mass 66 in the uppermost position. 

During the centrifugation run the mass 66 is urged by the centrifugal force to move down 
and to take its lowermost position. The fluid 28 is also urged to flow via annular gap 62. The 
spring 72 returns the mass 66 from its lower position corresponding to the end of the 
centrifugation run into the initial position. Simultaneously with the returning of the mass 66 
the fluid 28 goes back through the channel 68, since the spring loaded sphere 70 is open. It 
can be realized that this embodiment also does not require to take the displacing device out of 
the centrifuge for turning it over since the mass is returned by the spring in the initial position 
automatically. 

With reference to FIG. 5a and b it is shown an embodiment of the displacing means in 
which the cylindrical closed container 58 is provided with a free mass 74 formed as a valve 
having a few through going channels 76a-b closed by a membrane 78, secured by a screw 80 
on the one end of the mass 74. As in the previous embodiments the outside diameter of the 
mass 74 is less then the inner diameter of the container 58 and there is provided a gap 62 
there between to enable controllable flow of the fluid 28 there through. The mass 74 is 
supported by a spring 82 capable to return the mass 74 along the container 58 from its 
lowermost position to the initial position. On the upper part of the cylindrical container 58 
there is mounted a retaining means 84, for example a solenoid, capable to retain the mass 74 
proximate to the upper extremity of the cylinder 58. The retaining means comprises two or 
more spheres 86a-b, which can be pressed by an inwardly facing conical surface of a fixating 
insert 88 towards the annular groove made on the outwardly facing surface of the mass 74. 
The fixating insert 88 can be kept in the fixing position by virtue of a spring 90 or relieved 
therefrom by virtue of a solenoid 84. 

The FIG. 5a shows how the mass 74 is secured in its uppermost position by the retaining 
means and therefore can not be displaced by the centrifugal force. In FIG. 5b one can see how 
the mass 74 has been released by the retaining means and displaced by the centrifugal force in 
the lowermost position. The fluid 28 has flown through the annular gap 62. Now the spring 82 
is ready to return the mass in the uppermost position. The fluid 28 will be returning in the 
initial position via the channels 76. It can be appreciated that this embodiment is also 
provided with the capability to return automatically the displacing means in the initial 
condition required for the new centrifugation run and capability to operate the mass 74 by 
solenoid and timer. 

Now with reference to FIGS. 6-8 it will be explained how the degree of inclination of the 
bucket of the centrifugal assembly is retained in the first position during the phase separation. 
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Referring to FIGS. 6 and 7 at least two pair of buckets 12 pivotally mounted on the yoke 
y4 by virtue of their corresponding pivoting axes 14. 

wS? F k G ^ 6 ° n f. Ca u 866 ° nly bU0ketS 12a_C and their corresponding pivoting axes 14a-c 
W lt h,n the buckets 2 there are contained adapters (not shown) for inserting there into tubes ' 
16 with blood samples. It is not shows specifically, but should be understood that displacing 
means are inserted as well into the adapters. The degree of inclination of the buckets 12 is 
kept by virtue of supports 96a-c, which are formed integrally with the upper parts of the 
corresponding buckets 12. The supports 96 are capable to lean against the yoke 94 and thus to 
maintain the degree of inclination of the buckets 12. It is not shows but should be 
understood that supports may formed integrally with buckets caps or other part of the holding 

In the embodiment shown in FIG. 7 the assembly is provided with supports 98a-c which 
are formed integrally with the yoke 94 so as to lean against the upper portion of the buckets 
12 and thus to keep the degree of their inclination. 

In the further embodiment as presented in FIG. 8 the stopping means 1 00 is formed 
integrally with an adapter 102 in which the tubes 16a-d are inserted. It can be seen that within 
the adapter 102 is also inserted a displacing means 24 designed as previously described with 
reference to any of FIGS. 3-5 above. The stopping means comprises a support lever 100 
protruding from the adapter 102 towards the rotor 10 and a protrusion 104 formed on the 
rotor 10. It can be readily appreciated than when the bucket 12 is inclined as shown in FIG 8 
the support lever 100 of the adapter 102 leans against the protrusion 104 and thus the degree 
of inclination of the bucket 1 2 is maintained until the Boycott effect is over. 

In addition to those embodiments of the assembly which refer to the swing-out centrifuges 
the present invention can be also implemented in a high-sped centrifuge as shown in FIG. 9. 
Here the rotor 106 of the assembly carries at least one pair of displacing means 108a-b 
which function as holders for tubes adapter 1 lOa-b. The displacing means 108 can pivot about 
the pivoting axes 1 12a-b and so the tubes adapters 1 10. The displacing means 108 comprises 
a cylindrical member which is defined by an outer cylindrical surface 1 14 and by an inner 
cylindrical surface 116. Within the closed circular interior provided between the above 
cylindrical surfaces there is contained a fluid 28 capable to flow due to the centrifugal force 
from one extremity of the member to the opposite extremity and thus to displace the common 
center of gravity of the displacing means 108 and of the tube adapter 1 10. The inner diameter 
of the cylindrical surface 1 16 slightly exceeds the outer diameter of the tubes adapter 1 1 0 and 
so it can be inserted within the displacing means 1 08. 

For improving the flow control in the middle of the circular interior a partition 118 with an 
opening 120 can be arranged within the circular interior. The opening 120 may be provided 
with a valve. The valve may be electromagnetically controlled. 

The stopping means of the embodiment shown in FIG. 9 comprises a fixed support 122 
and an folding support 124. The support 124 retains the displacing means 108 together with 
the tubes adapter 1 10 in the inclined position when the assembly does not operate. During the 
centnfugation process when the Boycott effect takes place the degree of inclination of the 
displacing means and of the tube is maintained by virtue of the fixed support 122, which leans 
against the outwardly facing surface of the member 108. After completing the separation run 
the tubes adapter 1 10 is removed from the displacing means 108 and the displacing means 
1 08 should be turned over to return the fluid 28 into initial position. 

Now with reference to FIGS. 10-17 additional embodiments of the stopping means will be 
explained in connection with the centrifugation assembly comprising mostly the swing-out 
configuration. ~ 

In FIGS. 10,1 1 one can see the stopping means configured as a bracket 126, which 
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embraces the bucket 12 by its low portion 128. The bracket 126 is mounted on the pivoting 
axis 14 with possibility for pivoting independently of the bucket 12. Formed integrally with 
the upper part of the bracket 126 there is provided a support 130 capable to lean against the 
yoke 94 and thus to maintain the degree of inclination of the bucket 12 when it is pivoted in 
the first position with respect to the yoke 94. The displacing means 24 is also contained 
within the bucket 12 together with the sample tubes 16, so as to displace the common center 
ot gravity of the bucket below the pivoting axis and to enable pivoting of the bucket into the 
second position. 

In FIGS. 12,13 it is shown still further embodiment of the stopping means comprising a 
flat cam 132 which is mounted on the rotor 10 with possibility to be rotated about the axis of 
the rotor 10 by an appropriate rotating means (not shown). The cam's surface is perpendicular 
to the rotor axis and is configured with an arched contact surface 134 having variable radius 
of curvature. As can be seen in FIG. 13 the contact surface 134 is leaning against the 
outwardly facing surface of the bucket 12 and thus maintains the degree of tubes inclination 
In this position the phase separation is effected due to the Boycott effect. Upon completing 
this stage of the centrifugation run the bucket 12 can pivot in the second position in which the 
tube walls are aligned with the vector of the centrifugal force to achieve complete gel seal 
The contact surface 134 of the cam does not prevent pivoting of the bucket 12 in the second 
position. Once the separation run is finished the cam 132 can be rotated within its plane in the 
initial position. The contact surface 134 can be configured so as to pivot the bucket 12 in 
vertical initial position. 

With reference to FIG. 14 there is shown the embodiment of the stopping means 
configured as a linkage system comprising linking arms 136a-d, 138a-b and operatively 
connected therewith an extension rods 140a-b. The arm 136 is pivotally connected with the 
axis 14 of the yoke 94. The outside surface of the bucket 12 is provided with a slot 142 
configured in such a manner that the arm 136 resides within this slot 142 and can lean against 
it. By virtue of this provision it is possible to maintain the degree of inclination of the bucket 
12. The arm 138 is connected with a load 144 which is mounted on the rotor 10 with 
possibility for longitudinal displacement along the rotor's axis. Once the load 144 is displaced 
the linkage system urges the bucket 1 2 to pivot and the degree of inclination of the bucket 12 
can be maintained depending of the position of the load 144 with respect to the rotor 10. 

Still further embodiment of the stopping means is presented in FIG. 15. In this 
embodiment it comprises a resilient wire element 146. The wire element embraces by its first 
portion 148 the rear part of the bucket 12. Tightly coiled around the pivoting axis 14 of the 
yoke 94 is a middle portion 150 of the wire element configured as at least one turn. The 
opposite portion 152 of the wire element leans against the upper surface of the yoke 94. By 
virtue of this provision the degree of inclination of the bucket 12 with the tubes 16 inside can 
be maintained. 

The embodiment of the stopping element shown in FIG. 16 comprises also a resilient wire 
element 154. The first portion 156 of the wire element is rigidly secured on the yoke 94 and 
the middle portion 158 of the wire element is coiled around the axis. The opposite portion 
160 of the wire element is inserted within a slot 142 formed on the outside surface of the 
bucket 12. The wire element leans by its portion 160 against the slot 142 and resists to 
pivoting the bucket 12 in the horizontal position. 

Referring to FIG. 17 there is presented still further embodiment of the stopping means 
which comprises a toothed sector 164 provided with a protrusion 166. The sector is mounted 
on the yoke 94. The protrusion 166 of the sector is inserted in the slot 142 formed on the 
outside surface of the bucket 12 and can lean against it. By virtue of this provision the 
position of the protrusion 166 defines and maintains the degree of inclination of the bucket 
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12 with the sample tubes 16. 

Now with reference to FIGS. 18a-b and 19a-b it will be explained additional embodiments 
of the centrifugation assembly which are provided with a removing means for removing the 
caps from the tubes residing within the adapter of the bucket. The removing means is 
operated by virtue of the centrifugal force developed during the centrifugation run. 

In the embodiment shown in FIG. 18a the holding means, for example a bucket 12 carries 
an adapter 102 containing sample tubes 16 closed by their respective caps 168. The bucket 12 
is pivotally suspended on a pivoting axis 14 of the yoke of the swing-out centrifugation 
assembly (not shown). On the upper part of the bucket 12 there is fixed removable insert 170 
having its middle section configured with a partition 172. The partition 172 is provided with 
plurality of perforations to allow the passing of the tubes 16 there through, when the tubes 16 
are loaded within the adapter 102. The diameter of the perforations slightly exceeds the 
outside diameters of the tubes 16 to enable insertion of the tubes 16 but is less then the 
outside diameter of the caps 168 so as to enable leaning thereof against the partition. The 
tubes 16 are resting within the adapter 102 on a supporting plate 174 which is displaceable 
along the adapter 102 between its uppermost position as shown in FIG. 1 8a towards the 
bottom part of the adapter. In the initial stage of the centrifugation run when the separation is 
effected due to the Boycott effect and the degree of inclination of the bucket 12 is maintained, 
the supporting plate 174 is retained in its uppermost position by a couple of fixation pins 176 ' 
protruding through the walls of the bucket 12 and of the adapter 102. The pins 176 are 
removable from the protruding position so as to enable relieve the supporting plate 174 and 
its movement from the uppermost position to the lowermost position. The movement of the 
pins 176 from the protruding position and back into the protruding position can be controlled 
for example by a couple of respective solenoids 178. In the lower part of the adapter 102 
there is provided a return springs 180 capable to return the support plate 174 with the tubes 16 
into initial uppermost position. 

After the Boycott effect is over the solenoids 1 78 remove the pins 1 76 from the protruding 
position to relieve the supporting plate 174. Now the centrifugal force urges the supporting 
plate 174 and the tubes 16 to move further and to reach the lowermost position as shown in 
FIG. 18b. The bucket 12 and tubes 16 takes the second horizontal position. The tubes remain 
in this position until the gel seal is formed and separation is completed. It can be appreciated 
that during the final stages caps 168 become removed from the tubes 16 due to the leaning 
against the partition 1 72. 

Now the assembly is stopped and spring 1 80 returns the tubes 16 in the uppermost position 
ready for removing from the bucket 12. The solenoid 178 urge the fixing pins 176 to protrude 
and to lock the uppermost position of the supporting plate 174 and the fresh sample tubes 16 
closed by cups 1 68 are loaded within the bucket via the insert 1 70. 

It should be understood that in this embodiment the displacing means is not loaded in the 
bucket together with the sample tubes . The common center of gravity displaced in the second 
position by tubes movement. 

With reference to FIG. 19a-b it is shown an adapter 102 having plurality of separated 
compartments for loading sample tubes 16 there into. Each compartment is provided with a 
dedicated supporting plate 182 and a spring 184 for returning both the plate 1 82 and the tube 
16 resting thereon into initial uppermost position. In the central part of the adapter 102 there 
is provided a dedicated compartment for putting there into a displacing means 24. The 
displacing means 24 is shown in FIG. 19a and it is formed as a closed cylinder 58 with a free 
mass 64, i.e. it is of the type requiring removal and turning over. In FIG. 19b is shown a 
displacing means 24 which are formed integrally with the adapter 102 and provided with a 
spring 72 for returning the free mass 66, formed as a valve, into initial position 
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automatically. On the upper part of the adapter 102 there is fixed removable insert 170 having 
its middle section configured with a partition 172. Caps 168 become removed from the tubes 
16 due to the leaning against the partition 172 by virtue of the centrifugal force. 

It should be understood that in the embodiments shown in FIGS. 1 8 and 19 we can 
implement either rapid separation or removal of the caps or both. 

Industrial Applicability 

The assemblies of the present invention enables to use standard swing-out bucket 
centrifuge like a fixed angle rotor centrifuge with different degrees of tube inclination. One 
can combine those embodiments as fixed angel rotor or as swing-out bucket or as both. The 
said assemblies may be provided with a removing means for removing the caps from the 
tubes residing within the holder. 

It can be also realized that the embodiments of the present invention does not require any 
changes in the construction of the standard rotor and buckets and therefore can be easily used 
in various conventional swing-out centrifuges. The inventive centrifugation assembly can be 
easily mounted on the standard centrifuge and conveniently removed therefrom. 

It will be also appreciated that the present invention is not limited to the above-described 
embodiments and that changes and modifications can be made by one ordinarily skilled in the 
art without deviation from the scope of the invention as will be defined below in the 
appended claims. 

The features disclosed in the foregoing description, and/or in the following claims, and/or 
in the accompanying drawings may, both separately and in any combination thereof, be 
material for realizing the present invention in diverse forms thereof. 
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I claim: 

1. A combined centrifugation assembly for rapid sample separation, said assembly 
comprising: J 

a rotor with a holding means for carrying at least one tube, said tube containing a blood 
sample and a gel separator, said holding means being pivotable with respect to the rotor the 
position of the common center of gravity of the holders and of the tubes placed therein is 
varied during the separation process, 

a means for rotation the rotor about a rotor axis to produce a centrifugal force having its 
vector radiating from the rotor axis, said centrifugal force is capable- 

a) to induce phase separation when the tube is pivoted in the first position in which the 
tube walls are inclined with respect to the vector of the centrifugal force and 

b) to allow complete gel seal when the tube is pivoted in the second position in which 
the tube walls are aligned with the vector of the centrifugal force 

a displacing means for displacing the common center of gravity of the holding means with 
he tube carried thereby from a first location situated above the pivoting axis into a second 
location situated below the pivoting axis, 

a stopping means for maintaining a degree of inclination of the tube when it is pivoted in 
the said first position. 

2. The centrifugation assembly as defined in claim 1, in which said assembly comprises a 
swing-out bucket centrifuge and fixed angle centrifuge, said rotor carries a yoke for mounting 
the holding means thereon and said holding means comprises at least one bucket preferably 
equipped with an adapter for inserting the tube there into, said bucket is mounted on the yoke 
with possibility for swinging with respect to the yoke. 

3. The centrifugation assembly as defined in claim 1, in which said assembly comprises a 
high-speed centrifuge. 

4. The centrifugation assembly as defined in claim 1, in which said displacing means 
comprises: 

a closed cylindrical container, said container being insertable within the adapter said 
container being filled with a fluid capable to flow from one extremity of the container to the 
opposite extremity thereof, said fluid being selected from the group comprising viscous 
liquids, suspensions, loose particles or their combination. 

5. The centrifugation assembly as defined in claim 4, in which said container is formed 
with a narrowing central portion. 

6. The centrifugation assembly as defined in claim 4, in which said container is provided 
with an partition, said partition is fixedly secured in the middle part of the container. 

7. The centrifugation assembly as defined in claim 4, in which said container comprises a 
spring loaded piston movable along the container and a valve, said valve is fixedly secured 
opposite to the piston in the middle part of the container, said valve has through going 
channels for flowing the fluid there through. ~ " 

8. The centrifugal assembly as defined in claim 4, in which said container comprises a free 
mass placed therein with the possibility to move along the container, the outside diameter of 
the mass is less than the inside diameter of the container and there is provided a gap there 
between, said gap is sufficient for flowing the fluid there through. 

9. The centrifugal assembly as defined in claim 8, in which said mass is provided with 
through going channels, said channels are closed from one side of the mass by a valves and 
are open from the opposite side of the mass. 

10. The centrifugal assembly as defined in claim 8, in which said container is provided 
with a spring means urging the mass to move from the lowermost extremity of the container 
to the uppermost extremity thereof, said container has a retaining means to retain the mass 
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proximate to the uppermost extremity of the container. 

1 1. The centrifugal assembly as defined in claim 1, in which said stopping means 
comprises a support, said support is formed integrally with the external portion of the tube 
holder or its cap, said support is capable to lean against the rotor when the holder is pivoted ii 
the said first position so as to maintain the degree of inclination of the tube. 

12. The centrifugal assembly as defined in claim 1, in which said stopping means 
comprises a support, said support is formed integrally with the rotor, said support is capable 
to lean against the tube holder when this holder is pivoted in the said first position so as to 
maintain the degree of inclination of the tube. 

13. The centrifugal assembly as defined in claim 1, in which said stopping means 
comprises a support, said support is formed integrally with the upper portion of the adapter, 
said support protrudes therefrom towards the rotor, said support is capable to lean against a 
circular protrusion formed on the rotor when the tube holder is pivoted in the said first 
position so as to maintain the degree of inclination of the tube. 

14. The centrifugal assembly as defined in claim 1, in which said stopping means 
comprises a bracket, said bracket embraces the tube holder, said bracket is pivotally mounted 
on the yoke and said bracket is formed with a support capable to lean against the yoke when 
the tube holder is pivoted in the said first position so as to maintain the degree of inclination 
of the tube. 

15. The centrifugal assembly as defined in claim 1, in which said stopping means 
comprises a cam, said cam is mounted on the rotor with possibility for displacement 
regarding the rotor, said cam is provided with at least one contact surface capable to lean 
against the tube holder when this holder is pivoted in the said first position so as to maintain 
the degree of inclination of the tube. 

16. The centrifugal assembly as defined in claim 1 , in which said stopping means 
comprises at least one linking arm and operatively connected therewith extension rod, said 
arm is pivotally connected to the axis of the yoke so as to swing with respect thereto together 
with the bucket, said bucket has a slot for placement said arm there into and said extension 
rod is connected to a load mounted on the rotor, said load is displaceable along the rotor axis 
so as to pivot the arm, said arm is capable to lean against the slot when the bucket is pivoted 
so as to maintain the degree of inclination of the tube when it is pivoted in accordance with 
the position of the load. 

17. The centrifugal assembly as defined in claim 1, in which said stopping means 
comprises a resilient wire element, the first portion thereof is configured to embrace the 
bucket, the middle portion thereof is provided with at least one turn for coiling the wire 
element on the yoke to enable swinging with respect thereto and the opposite portion of the 
wire element is capable to lean against the yoke when the bucket is pivoted in the said first 
position so as to maintain the degree of inclination of the tube. 

18. The centrifugal assembly as defined in claim 1, in which said stopping means 
comprises a resilient wire element, the first portion thereof is rigidly secured on the yoke, the 
middle portion thereof is provided with at least one turn suitable for coiling the wire element 
around the pivoting axis of the yoke and the opposite portion of the wire element is inserted 
within a slot formed on the bucket, the opposite portion of the wire element is capable to lean 
against the slot when the bucket is pivoted in the said first position so as to maintain the 
degree of inclination of the tube. 

19. The centrifugal assembly as defined in claim 1, in which said stopping means 
comprises a toothed sector, said sector is mounted on the yoke, said sector has a protrusion 
and said bucket has a slot for receiving said protrusion, the protrusion is capable to maintain 
the degree of inclination of the tube when the bucket is pivoted in the said first position. 
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20. The centrifugal assembly as defined in claim 1 , in which said displacing means is 
formed integrally with the holding means, said means comprises: 

a cylindrical container formed with the annular closed interior, said interior contains a 
fluid capable to flow from one extremity of the container to the opposite extremity thereof, 
the diameter of the middle portion of the container fits the outside diameter of the tube 
adapter to allow inserting thereof in the container and to enable pivoting of the tube together 
with the container, 

a partition with an opening can be arranged within the circular interior, the opening may 
be provided with at least one valve, the valve may be electromagnetically controlled. 

21. The centrifugal assembly as defined in claim 2, in which said holding means is 
provided with a removing means for removing the caps from the tubes residing within the 
bucket, said removing means being movable by the centrifugal force. 

22. The centrifugal assembly as defined in claim 21, in which said removing means is 
formed integrally with displacing means, said means comprises: 

- a detachable insert which is fixed on the upper part of the bucket or adapter, said insert is 
provided with a perforated partition, the diameter of perforations of the partition fits the 
outside diameter of the tubes so as to allow insertion of the tubes within the adapter through 
the perforations, 

- a support plate for supporting the tubes after they are inserted in the adapter, said plate 
movable by the centrifugal force along the longitudinal axis of the bucket from its uppermost 
position to the lowermost position, 

- a fixing means capable to prevent displacement of the tubes by the centrifugal force from 
the uppermost position towards the lowermost position when the bucket is pivoted in the first 
position, 

- a spring means for returning the tubes from the lowermost position into the uppermost 
position, 

the arrangement being such that the tubes are movable by the centrifugal force towards the 
lowermost position until their caps lean against the partition so as to be removable from the 
tubes. 

23. The centrifugal assembly as defined in claim 22, in which said fixing means is 
electromagnetically controlled. 

24. The centrifugal assembly as defined in claim 22, in which said removing means is 
formed separately from displacing means, said means comprises: 

- a detachable insert which is fixed on the upper part of the bucket or adapter, 

- a support plate for supporting the tubes after they are inserted in the adapter, 

- a spring means for returning the tubes from the lowermost position into the uppermost 
position. 

25. The centrifugal assembly as defined in claim 2, in which said displacing means is 
formed integrally with the adapter, said means comprises: 

-a free mass placed therein with the possibility to move along the adapter, the outside 
diameter of the mass is less than the inside diameter of its compartment and there is provided 
a gap there between, said gap is sufficient for flowing the fluid there through, 

- a spring capable to return the mass from one extremity of the adapter to the opposite 
extremity thereof. 

26. A method for rapid sample separation by virtue of a centrifugation, said method 
comprising the following sequence of steps: 

providing at list one tube with the blood sample, 

placing said tube within a centrifugation assembly having a rotor and a holding means for 
carrying the tube, said tube is placed in the holder with possibility for pivoting together with 
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the holding means with respect to the rotor about a pivoting axis, the position of the common 
center of gravity of the holders and of the tubes placed therein is varied during the separation 
process, 

rotation of the rotor about a rotor axis to produce a centrifugal force having its vector 
radiating from the rotor axis, 

effecting blood phase separation in the sample, when the tube rotates about the rotor and is 
pivoted in the first position in which the tube walls are inclined with respect to the vector of 
the centrifugal force, 

displacing the common center of gravity of the holding means and the tube carried thereby 
from a first location situated above the pivoting axis into a second location situated below the 
pivoting axis, 

maintaining by stopping means the degree of inclination of the tube, while the tube rotates 
being pivoted in the first position, 

effecting complete gel seal when the center of gravity is displaced below the pivoting axis 
while the tube rotates being pivoted in a second position in which the tube walls are aligned 
with the vector of the centrifugal force. 

27. The method as defined in claim 26, in which said centrifugation is effected by a swing- 
out bucket centrifuge. 

28. The method as defined in claim 26, in which said centrifugation is effected by a high- 
speed centrifuge. 

29. The method as defined in claim 26, in which said displacing of the common center of 
gravity is effected in a closed container filled with a fluid capable to flow from one extremity 
of the container to the opposite extremity thereof. 

30. The method as defined in claim 29, in which the flow of the fluid within the container 
is effected in a controllable manner. 

31 . The method as defined in claim 26, in which said displacing of the common center of 
gravity is effected by a free mass and/or fluid placed within the holding means with the 
possibility to move there along from one extremity of the holding means to the opposite 
extremity thereof. 

32. The method as defined in claim 26, in which said displacing of the common center of 
gravity is effected by displacing the heavy parts of the sample inside the tubes. 

33. The method as defined in claim 26, in which said displacing of the common center of 
gravity is effected by controllable tubes displacing. 

34 . The method as defined in claim 26, in which in the beginning of centrifugation the 
location of the common center of gravity of the holder, including tubes, specimens and gel is 
below the pivoting axis of the holder and the second location of the common gravity center is 
displaced below its first location. 

35. A method for removing the caps from the tubes residing within the holder, said method 
comprising the following sequence of steps: 

providing at list one tube with the blood sample and a cap, 

placing said tube within a centrifugation assembly having a rotor and a holding means for 
carrying the tube, 

rotation of the rotor about a rotor axis to produce a centrifugal force having its vector 
radiating from the rotor axis, 

providing displacing the tubes by the centrifugal force towards the lowermost position, 
fixing the caps against the holder so as to be removable from the tubes. 



WO 99/2 1 658 17 PCT/IL98/00503 

AMENDED CLAIMS 

[received by the International Bureau on 1 1 March 1999 (1 1 .03.99); 

original claim 35 amended; remaining claims unchanged (1 page)] 
the holding means with respect to the rotor about a pivoting axis, the position of the common 
center of gravity of the holders and of the tubes placed therein is varied during the separation 
process, 

rotation of the rotor about a rotor axis to produce a centrifugal force having its vector 
radiating from the rotor axis, 

effecting blood phase separation in the sample, when the tube rotates about the rotor and is 
pivoted in the first position in which the tube walls are inclined with respect to the vector of 
the centrifugal force, 

displacing the common center of gravity of the holding means and the tube carried thereby 
from a first location situated above the pivoting axis into a second location situated below the 
pivoting axis, 

maintaining by stopping means the degree of inclination of the tube, while the tube rotates 
being pivoted in the first position, 

effecting complete gel seal when the center of gravity is displaced below the pivoting axis 
while the tube rotates being pivoted in a second position in which the tube walls are aligned 
with the vector of the centrifugal force. 

27. The method as defined in claim 26. in which said centrifugation is effected by a swing- 
out bucket centrifuge. 

28. The method as defined in claim 26, in which said centrifugation is effected by a high- 
speed centrifuge. 

29. The method as defined in claim 26, in which said displacing of the common center of 
gravity is effected in a closed container filled with a fluid capable to flow from one extremity 
of the container to the opposite extremity thereof. 

30. The method as defined in claim 29, in which the flow of the fluid within the container 
is effected in a controllable manner. 

31. The method as defined in claim 26, in which said displacing of the common center of 
gravity is effected by a free mass and/or fluid placed within the holding means with the 
possibility to move there along from one extremity of the holding means to the opposite 
extremity thereof. 

32. The method as defined in claim 26, in which said displacing of the common center of 
gravity is effected by displacing the heavy parts of the sample inside the tubes. 

33. The method as defined in claim 26, in which said displacing of the common center of 
gravity is effected by controllable tubes displacing. 

34. The method as defined in claim 26, in which in the beginning of centrifugation the 
location of the common center of gravity of the holder, including tubes, specimens and gel is 
below the pivoting axis of the holder and the second location of the common gravity center is 
displaced below its first location. 

35. A method for removing the caps from the tubes residing within the holder, said method 
comprising the following sequence of steps: 

providing at least one tube with the blood sample and a cap, 

placing said tube on a support plate within a centrifugation assembly having a rotor and a 
holding means for carrying the tube, 

rotation of the rotor about a rotor axis to produce a centrifugal force having its vector 
radiating from the rotor axis, 

providing displacing the tubes by the centrifugal force towards the lowermost position, 
fixing the caps on a detachable insert against the holder so as to be removable from the 
tubes, 

returning the tubes from the lowermost position into the uppermost position, after 
stopping the rotor. 
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